Este trabalho apresenta o desenvolvimento de um eletrôdo de membrana de PVC, que contém 3-{[2-oxo-1(2H)-acenonaftilideno]amino}-2-tioxido-1,3-tiazolidino-4-ona (ATTO), que mostrou ser seletivo para íons Sm
Introduction
The increasing use of ion sensors in the fields of environmental, agricultural and medicinal analysis is stimulating analytical chemists to develop new sensors for fast, accurate, reproducible and selective determination of various species. In the past few decades, considerable efforts have led to the development of selective sensors for alkali, alkaline earth and heavy metals. 1 Rare-earth oxides have numerous applications. For instance, they are used in the production of optical glasses, the preparation of glass fibers for optical purposes, gasoline-cracking catalysts, polishing compounds, carbon arcs. They are also used in iron and steel industries to remove sulfur, carbon and other electronegative elements from iron and steel. 2 The determination of rare-earth ions is considered necessary, due to the growing interest in bioorganic and inorganic chemistry, various industrial applications of these species, and also their toxic and other adverse effects.
Rare earth species such as lanthanum ions accelerate hydrolysis of phosphate-ester binding by 13 orders of magnitude. This suggests that this compound can cause the same effect to the di-ester, in DNA. Lanthanum chloride manifests anti-tumor effects. Geno-toxicity of lanthanum(III) in human peripheral blood lymphocytes has also been reported. Lanthanum chloride has been reported to cause changes in lipid peroxidation, redox systems, and ATPase activities in plasma membranes of rice seeding roots. [3] [4] [5] The first objective of the investigators was to classify the rare earths in accordance with the low acute toxicity rating. All the same, the toxicity of various erbium compounds showed that when inhaled, taken orally, or injected into the blood stream, erbium salts can cause serious problems. 6 Consequently, the detection of low concentrations of this ion in environmental solutions such as seawater is of great interest. The available methods for the low-level determination of rare-earth ions in solution include MS spectrophotometry, 8 ICP-MS and ICP-AES, 9,10 isotope dilution mass spectrometry, 11 neutron activation analysis 12 and X-ray fluorescence spectrometry 13 are also used. Samarium is a rare earth metal, with a bright silver luster. It is the first lanthanide reasonably stable in the air, but even so, it begins to show signs of oxidation after a few weeks. Natural samarium is a mixture of several isotopes, three of which are unstable due to short half-lives. Some applications of this element are in carbon-arc lighting in the motion picture industry (together with other rare earth metals), doping CaF 2 crystals for use in optical masers or lasers, as a neutron absorber in nuclear reactors, for alloys and headphones and samarium-cobalt magnets. Samarium oxide is a catalyst for the dehydration and dehydrogenation of ethanol, and is used in optical glass to absorb infrared light. Furthermore, samarium compounds act as sensitizers for phosphors exposed to infrared. Samarium is very dangerous in the working environment, due to the fact that damps and gasses can be inhaled with air. This can cause lung embolisms, especially during long-term exposures. Samarium can be a threat to the liver when it accumulates in the human body. Ion-exchange and solvent extraction techniques have recently simplified the separation of the rare earths from one another. More recently, electrochemical deposition using an electrolytic solution of lithium citrate and a mercury electrode has been claimed to be a simple, fast, and highly specific way to separate the rare earths. 14, 15 Following a literature survey, it was found that the most of the spectroscopic studies on the detection of samarium are carried out through inductively coupled plasma with or without mass spectrometry. Spectrophotometric study of the complexation of Sm ions, resonance ionization mass spectrometry, enhanced fluorimetric determination, studies on monoxide emission spectrometry, graphite furnace atomic absorption spectrometry, fluorescence and luminescent determination and fluorimetric methods and other methods like thermal ionization mass spectroscopy are also available. [16] [17] [18] [19] In addition, potentiometry with ion selective electrode has also been applied, for the same purpose since it presents the advantages of simplicity, high detection speed, and low cost. [20] [21] [22] [23] [24] [25] In this study a new ion selective sensor to determine Sm 3+ is introduced. Several highly selective and sensitive membrane sensors for alkaline earth and transition metal ions have been reported. [26] [27] [28] [29] [30] [31] [32] [33] [34] [35] In this study the development of a new ion selective sensor to Sm 3+ determination and, in particular, the use of 3-{[2-oxo-1(2H)-acenaphthylenyliden]amino}-2-thioxo-1,3-thiazolidin-4-one (ATTO) as an excellent ionophore for the preparation of a highly Sm(III) ion-selective electrode (Figure 1 ) is reported.
Experimental

Reagents
Merck and the Aldrich were the suppliers of nitrate and chloride salts of all cations, reagent grades of dibutyl phthalate (DBP), benzyl acetate (BA), 2-nitrophenyl octyl ether (NPOE), sodium tetraphenyl borate (NaTPB), tetrahydrofuran (THF) and relatively high molecular weight PVC used in the experiments. All reagents were used without any further treatment. The nitrate and chloride salts of all employed cations were of the highest available purity and were only dried over P 2 O 5 in vacuum. During all experiments, triply distilled deionized water was used.
ATTO synthesis
A mixture of acenaphthenequinone (0.01 mol, 1.82 g), 3-amino-2-thioxo-4-thiazolidinone (0.01 mol, 1.48 g) and a catalytic amount of acetic acid was refluxed in absolute ethanol (20 mL) for 3 h. After cooling to the room temperature, the red precipitate formed, was filtered, washed with ethanol (3 × 10 mL), and dried at 50 ºC, mp 290 ºC (decomposition), 2.9 g, yield 93%; IR (KBr) ν max /cm 
Electrode preparation
The PVC membrane preparation, involved the complete blending of the following compounds; 30 mg of powdered PVC, 63.5 mg of the NPOE plasticizer, 1.5 mg of the NaTPB additive and 5 mg of the ATTO ionophore in 5 mL of fresh THF. The resulting mixture was transferred into a glass dish (2 cm in diameter) and the solvent was evaporated slowly until an oily concentrated mixture was obtained. A Pyrex tube (3-5 mm i.d.) was dipped into the mixture, for about 10 s, so that a transparent membrane of about 0.3 mm thickness was formed. The tube was then removed from the mixture, kept at the room temperature for about 24 h, and then filled with an internal filling solution (1.0 × 10 -3 mol L -1 of SmCl 3 ). Finally, the electrode was conditioned by soaking in a 1.0 × 10 -2 mol L -1 SmCl 3 solution for 36 h. [36] [37] [38] [39] [40] [41] [42] [43] [44] [45] [46] A silver-silver chloride wire was used as the internal reference electrode.
The emf measurements
The equipments for the emf (electromotive force) measurements consisted of:
Corning ion analyzer with a 250 pH/mV meter and iii) a double-junction saturated calomel electrode (SCE, Philips) with the chamber filled with an ammonium nitrate solution. The activities were calculated according to the Debye-Huckel procedure. 47 The potential measurements were performed at 25.0 0 C.
Results and Discussion
The ATTO-based electrode response to the Sm(III) ions
In preliminary investigations, ATTO was used as an ionophore in PVC membranes for a number of alkali, alkaline earth, transition and heavy metal ions, including sodium, potassium, magnesium, calcium, copper, nickel, cobalt, cadmium, lead, mercury, silver, lanthanum, cerium, ytterbium, gadolinium, terbium and samarium. The potential responses of the most sensitive ion-selective membrane electrodes, based on ATTO, are shown in Figure 2(a-b) . Among the different tested cations, Sm 3+ demonstrates the most sensitive response and seems to be suitably determined by the ATTO-PVC membrane. Therefore, this ionophore was selected as a suitable sensor material for Sm 3+ -selective sensor.
Membrane composition of the ATTO-based Sm(III) sensor
Some important features of PVC membranes, such as the properties of the plasticizer, the plasticizer/PVC ratio, the nature and amount of the ionophore and especially the nature and amount of the applied additives, are reported to significantly influence the sensitivity and selectivity of the ion-selective electrodes. The solvent mediator/PVC ratio in solvent polymeric membrane ion-selective electrodes is usually about 2, because polymeric films with such a plasticizer/PVC ratio will result in optimum physical properties and high mobilities of their constituents. In this study, the same plasticizer/PVC ratio (about 2) was found to be the most suitable, for the construction of the membrane sensors. [48] [49] [50] [51] [52] [53] [54] [55] Thus, different compositions of ATTO-Sm(III)-selective membrane were optimized and the results are given in Table 1 . Because the plasticizer nature affects the dielectric constant of the membrane phase, the mobility of the ionophore molecules and the state of the ligand, 56 it was expected to play a key role in defining the selectivity, working concentration range and response time of the membrane electrode. From the three solvent mediators, it was found that NPOE with a dielectric constant of 23.9, is superior to the DBP and BA in the construction of the samarium membrane sensor. According to the reported data in Table 1 , the membrane with a plasticizer/PVC ratio about 2.0 displayed the best performance. As it can be observed from the same table, the slope of the Sm(III) sensor is influenced by the amount of ATTO in the membrane composition (membrane Nos. 3, 4). Increasing ATTO up to 5% exhibited the best sensitivity (membrane No. 5).
The presence of lipophilic negatively charged additives in the PVC-base membrane sensors improves the potentiometric behavior of certain cation-selective sensors by reducing their ohmic resistance and improving the response behavior and selectivity, and in some cases, by catalyzing the exchange kinetics at the sample-membrane interface. [57] [58] [59] From Table 1 , it is obvious that the presence of 1.5% sodium tetraphenyl borate, as a suitable lipophilic additive, considerably improves the samarium sensor sensitivity (No. 5 with a slope of 19.3 mV per decade). Clearly, in composition 5, the membrane incorporating 63.5% NPOE and 30% PVC, in the presence of 5% ATTO and 1.5% NaTPB, shows the optimium sensitivity, with a good Nernstian slope of 19. ).
Calibration curve
The optimum equilibrium time for the membrane electrode, in the presence of 1.0 × 10 -2 mol L -1 SmCl 3 was 12 h, after which it would generate stable potentials in contact with samarium solutions. The electrode had a linear response to the SmCl 3 ion activity in the range of 1.0 × 10 -6 to 1.0 × 10 -1 mol L -1 ( Figure 3 ). The slope of the calibration graph was 19.3 ± 0.6 mV per decade. The detection limit, as determined from the intersection of the two extrapolated segments of the calibration graph, was (5.5 ± 0.3) × 10 "7 mol L -1
. The standard deviation of eight replicate measurements was ± 0.6 mV (RSD 3.1%). The recommended PVC-based membrane sensor could be used for at least ten weeks (using one hour per day and then, washed and dried). After this period the electrode slope reduced to some extent (from 19.3 to 17.5 mV per decade).
pH effect
In order to study the pH effect on the sensor performance, the potentials were determined in the pH range of 2.0-10.0 (concentrated NaOH or HCl was used for the pH adjustment) at two Sm ). The corresponding results are depicted in Figure 4(a-b) . Evidently, the potential remained constant from pH 3.5 to 7.5, beyond which some drifts in the potentials were observed. The observed drift at higher pH values could be attributed to the formation of some Sm 3+ hydroxyl complexes in the solution. At lower pH values, the potentials increased, indicating that the membrane sensor responded to protoned ions, as a result of some extent nitrogen atom protonation of the ionophore.
Dynamic response time and Sm(III) sensor life-time
The dynamic response time is an essential parameter for a sensor. 60 To evaluate this parameter, the average time required for the Sm(III) sensor to reach a ±1 mV potential of the final equilibrium value, after successive immersion into a series of Sm(III) ion solutions, each having a 10-fold concentration difference was measured. The potential versus time plot is shown in Figure 5 . It is clear that over the entire concentration range the plasticized membrane electrode reaches its equilibrium responses in a short time (~10 s). Used for one hour every day (one hundred measurements), the membrane sensor lifetime is at least 10 weeks. After use during this period, the electrode was washed and kept dry.
During this period, the membrane sensor could be used without any measurable divergence in its potentials.
Sm(III) electrode selectivity
For the measurement of the selectivity coefficients, the matched potential method was used. According to the MPM, 61 a specified activity (concentration) of primary ions (A) is added to a reference solution and the potential is measured. In a separate experiment, interfering ions (B) are successively added to an identical reference solution, until the measured potential matches the one obtained before the primary ion addition. The MPM selectivity coefficient is then given by the resulting primary ion to the interfering ion activity (concentration) ratio, K MPM = a A /a B . The applied experimental conditions and the resulting values are listed in Table 2 . For all tested ions, the selectivity coefficients are in the order of 5.5 × 10 -3 or smaller, indicating they would not radically disturb : the function of the developed Sm(III) membrane sensor. Therefore, the electrode can be used for the detection of Sm(III) ion in the presence of certain interfering ions.
The characteristics of the samarium membrane sensor were compared with those of the best samarium electrodes reported in the literature [21] [22] [23] 25 (Table 3) . It can be concluded that this sensor, in terms of selectivity, detection limit, response time and dynamic concentration range, is superior to all formerly reported samarium sensors.
Analytical application
Using the proposed electrode as an indicator, the titration of 25 mL of 10 -4 mol L -1 Sm(III) ions against 10 -2 mol L -1 EDTA was performed. The resulting titration curve is depicted in Figure 6 , where it can be seen that the sensor can monitor the amount of samarium ions well.
This electrode was also successfully applied to the direct samarium detection in tap water; river water and binary mixture samples. The resulting data are summarized in Table 4 and 5, respectively. It was found that the accuracy of samarium detection in different solution samples is almost quantitative. The electrode was also applied to the determination of Sm(III) in a permanent magnet material SmCo 5 . To do this first, 0.1 g of this compound was completely dissolved in 5.0 mL of a 0.1 mol L -1 sulfuric acid. The pH of the resulting solution was then adjusted to 4.5 with 5.0 mL of 0.1 mol L -1 sodium acetate-acetic acid buffer solution and diluted to the mark with distilled water in a 100 mL calibrated volumetric flask. Finally, the samarium(III) content of solution was determined by the proposed sensor, using the calibration method. The results obtained from four replicate measurements (33.8 ± 0.8%), were found to be in satisfactory agreement with the certified value of 33%.
Conclusions
This study reveals that a potentiometric PVCconstructed membrane sensor, which is based on the ATTO functions, consists of an excellent Sm 3+ selective sensor. The proposed samarium sensor in the terms of selectivity coefficients and detection limit is superior to all previously reported samarium sensors. The selectivity coefficients of the sensor for the common alkaline metal, transition and lanthanide ions (except Gd 3+ ) are very low and makes it as suitable device for the fast determination of this ion in the presence of considerable concentrations of common interfering ions in the real samples such as river and tap waters and samarium alloy.
